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ELECTRONIC DEVICE

CROSS-REFERENCE TO RELAT.
APPLICATIONS

T
.

The present application claims priority of Korean Patent
Application No. 10-2014-0043014, entitled “ELECTRONIC
DEVICE” and filed on Apr. 10, 2014, which 1s incorporated

herein by reference 1n 1ts entirety.

BACKGROUND

1. Field

This patent document relates to memory circuits or devices
and their applications 1n electronic devices or systems.

2. Description of the Related Art

Recently, as electronic appliances trend toward miniatur-
ization, low power consumption, high performance, multi-
functionality, and so on, semiconductor devices capable of
storing information 1n various electronic appliances such as a
computer, a portable communication device, and so on have
been demanded in the art, and research has been conducted
for the semiconductor devices. Such semiconductor devices
include semiconductor devices which can store data using a
characteristic that they are switched between different resis-

tant states according to an applied voltage or current, for
example, an RRAM (resistive random access memory), a
PRAM (phase change random access memory), an FRAM
(ferroelectric random access memory) an MRAM (magnetic
random access memory), an E-fuse, etc.

SUMMARY

The disclosed technology 1n this patent document includes
memory circuits or devices and their applications in elec-
tronic devices or systems and various implementations of an
clectronic device 1n which comparison units for determining
the data stored in variable resistance elements share a refer-
ence resistor element to decrease the number of reference
resistor elements included 1n a semiconductor device, thereby
reducing an area.

In an mmplementation, there 1s provided an electronic
device including a semiconductor memory unit. The semi-
conductor memory unit may include: first to N variable
resistance elements each having different resistance values
according to values stored therein, wherein N 1s a natural
number equal to or greater than 2; a reference resistance
clement having a first reference resistance value; and first to
N comparison units which correspond to the first to N?
variable resistance elements, respectively, and each of which
determines whether a resistance value of the corresponding
variable resistance element 1s greater or less than a second
reference resistance value, wherein the first to N comparison
units are commonly coupled to the reference resistance ele-
ment.

The first reference resistance value may be 1/N of the
second reference resistance value.

Each of the first to N variable resistance elements may
have a first resistance value smaller than the second reference
resistance value when a first value i1s stored therein, and have
a second resistance value greater than the second reference
resistance value when a second value 1s stored therein.

A K” (1=sK=N) comparison unit among, the first to N
comparison units may output a result of the determination by
comparing an amount of a K” variable current flowing
through a K” variable resistance element corresponding to
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the K” comparison unit and an amount of a K” reference
current flowing between the K” comparison unit and the
reference resistance element.

A value stored in the K variable resistance element may
be the first value when the amount of the K variable current
is greater than the K™ reference current, and a value stored in
the K” variable resistance element may be the second value
when the amount of the K” variable current is smaller than the
K” reference current.

An amount of current tlowing through the reference resis-
tance element may be a sum of the amounts of first to N
reference currents flowing between the first to N” compari-
son units and the reference resistance element, respectively.

Each of the K” comparison unit may include: an output
node and an output bar node; a first internal node and a second
internal node; a precharge driving section suitable for pull-up
driving the output node and the output bar node during a
precharge operation; an output bar driving section suitable for
driving the output bar node with one of a pull-up voltage or a
voltage of the first internal node 1n response to a voltage of the
output node during a read operation; an output driving section
suitable for driving the output node with one of the pull-up
voltage and a voltage of the second internal node 1n response
to a voltage of the output bar node during the read operation;
a first current sinking section suitable for drawing the K”
variable current from the first internal node during the read
operation; and a second current sinking section suitable for
drawing the K” reference current from the second internal
node during the read operation.

The output bar driving section may pull-down drive the
output bar node, and the output driving section may pull-up
drive the output node when the amount of the K variable
current is greater than the K” reference current, and The
output bar driving section may pull-up drive the output bar
node, and the output driving section may pull-down drive the
output node when the amount of the K” variable current is
smaller than the K” reference current.

Each of the first to N” variable resistance elements may
include at least one of a metal oxide, a phase change sub-
stance, and a structure in which a tunnel barrier layer 1s
interposed between two ferromagnetic layers.

The electronic device further comprising a microprocessor
which may include: a control unit that 1s configured to receive
a signal including a command from an outside of the micro-
processor, and performs extracting, decoding of the com-
mand, or controlling input or output of a signal of micropro-
cessor; and an operation unit configured to perform an
operation based on a result that the control unit decodes the
command; and a memory umt configured to store data for
performing the operation, data corresponding to a result of
performing the operation, or an address of data for which the
operation 1s performed, wherein the semiconductor memory
unit that includes the variable resistance element 1s part of the
memory unit in the microprocessor.

The electronic device further comprising a processor
which may include: a core unit configured to perform, based
on a command mputted from an outside of the processor, an
operation corresponding to the command, by using data; a
cache memory unit configured to store data for performing
the operation, data corresponding to a result of performing the
operation, or an address of data for which the operation 1s
performed; and a bus interface connected between the core
unit and the cache memory unit, and configured to transmit
data between the core unit and the cache memory unit,
wherein the semiconductor memory unit that includes the
variable resistance element 1s part of the cache memory unit
in the processor.
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The electronic device further comprising a processing sys-
tem which may include: a processor configured to decode a
command recerved by the processor and control an operation
for information based on a result of decoding the command,;
an auxiliary memory device configured to store a program for 5
decoding the command and the information; a main memory
device configured to call and store the program and the infor-
mation from the auxiliary memory device such that the pro-
cessor can perform the operation using the program and the
information when executing the program; and an interface 10
device configured to perform communication between the
processor, the auxiliary memory device or the main memory
device and the outside, wherein the semiconductor memory
unit that includes the variable resistance element 1s part of the
auxiliary memory device or the main memory device 1n the 15
processing system.

The electronic device further comprising a data storage
system which may include: a storage device configured to
store data and conserve stored data regardless of power sup-
ply; a controller configured to control input and output of data 20
to and from the storage device according to a command
inputted form an outside; a temporary storage device config-
ured to temporarily store data exchanged between the storage
device and the outside; and an interface configured to perform
communication between at least one of the storage device, the 25
controller and the temporary storage device and the outside,
wherein the semiconductor memory unit that includes the
variable resistance element 1s part of the storage device or the
temporary storage device in the data storage system.

The electronic device further comprising a memory system 30
which may include: a memory configured to store data and
conserve stored data regardless of power supply; a memory
controller configured to control mput and output of data to
and from the memory according to a command inputted form
an outside; a bulfer memory configured to bulffer data 35
exchanged between the memory and the outside; and an inter-
face configured to perform communication between at least
one of the memory, the memory controller and the butifer
memory and the outside, wherein the semiconductor memory
unit that includes the variable resistance element 1s part of the 40
memory or the buffer memory 1n the memory system.

In an mmplementation, there 1s provided an electronic
device including a semiconductor memory unit. The semi-
conductor memory unit may include: first to N groups of
variable resistance elements, each variable resistance element 45
of which has different resistance values according to values
stored therein, wherein N 1s a natural number equal to or
greater than 2; a reference resistance element having a {first
reference resistance value; and first to N” comparison units
which correspond to the first to N” groups of variable resis- 50
tance elements, respectively, and each of which determines
whether a resistance value of one selected among the corre-
sponding group of variable resistance elements 1s greater or
smaller than a second reference resistance value, wherein the
first to N” comparison units are commonly coupled to the 55
reference resistance element.

The first reference resistance value may be 1/N of the
second reference resistance value.

Each variable resistance element of the first to N groups
of variable resistance elements may have a first resistance 60
value smaller than the second reference resistance value when
a first value 1s stored therein, and have a second resistance
value greater than the second reference resistance value when
a second value 1s stored therein.

A K” (1=K=N) comparison unit among the first to N” 65
comparison units may output a result of the determination by
comparing an amount of a K” wvariable current flowing
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through one selected from a K” group of variable resistance
elements corresponding to the K” comparison unit and an
amount of a K” reference current flowing between the K
comparison unit and the reference resistance element.

A value stored in the one selected from the K group of
variable resistance elements may be the first value when the
amount of the K” variable current is greater than the K”
reference current, and the value stored the one selected {from
the K” group of variable resistance elements may be the
second value when the amount of the K” variable current is
smaller than the K reference current.

An amount of current flowing through the reference resis-
tance element may be a sum of the amounts of first to N?
reference currents flowing between the first to N” compari-
son units and the reference resistance element, respectively.

Each of the K” comparison unit may include: an output
node and an output bar node; a first internal node and a second
internal node; a precharge driving section suitable for pull-up
driving the output node and the output bar node during a
precharge operation; an output bar driving section suitable for
driving the output bar node with one of a pull-up voltage or a
voltage of the first internal node 1n response to a voltage of the
output node during a read operation; an output driving section
suitable for driving the output node with one of the pull-up
voltage and a voltage of the second internal node 1n response
to a voltage of the output bar node during the read operation;
a first current sinking section suitable for drawing the K*
variable current from the first internal node during the read
operation; and a second current sinking section suitable for
drawing the K” reference current from the second internal
node during the read operation.

The output bar driving section may pull-down drive the
output bar node and the output driving section may pull-up
drive the output node when the amount of the K variable
current is greater than the K reference current, and the out-
put bar driving section may pull-up drive the output bar node,
and the output driving section pull-down may drive the output
node when the amount of the K” variable current is smaller
than the K reference current.

Each of the plurality of first to N variable resistance
clements may include at least one of a metal oxide, a phase
change substance, and a structure 1n which a tunnel barrier
layer 1s interposed between two ferromagnetic layers.

The electronic device further comprising a microprocessor
which may include: a control unit that 1s configured to receive
a signal including a command from an outside of the micro-
processor, and performs extracting, decoding of the com-
mand, or controlling input or output of a signal of micropro-
cessor; and an operation unit configured to perform an
operation based on a result that the control unit decodes the
command; and a memory umt configured to store data for
performing the operation, data corresponding to a result of
performing the operation, or an address of data for which the
operation 1s performed, wherein the semiconductor memory
unit that includes the variable resistance element 1s part of the
memory unit in the microprocessor.

The electronic device further comprising a processor
which may include: a core unit configured to perform, based
on a command 1nputted from an outside of the processor, an
operation corresponding to the command, by using data; a
cache memory unit configured to store data for performing
the operation, data corresponding to a result of performing the
operation, or an address of data for which the operation 1s
performed; and a bus interface connected between the core
unit and the cache memory unit, and configured to transmit
data between the core unit and the cache memory unit,
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wherein the semiconductor memory unit that includes the
variable resistance element 1s part of the cache memory unit
in the processor.

The electronic device further comprising a processing sys-
tem which may include: a processor configured to decode a
command recerved by the processor and control an operation
for information based on a result of decoding the command;
an auxiliary memory device configured to store a program for
decoding the command and the information; a main memory
device configured to call and store the program and the 1nfor-
mation from the auxiliary memory device such that the pro-
cessor can perform the operation using the program and the
information when executing the program; and an interface
device configured to perform communication between the
processor, the auxiliary memory device or the main memory
device and the outside, wherein the semiconductor memory
unit that includes the variable resistance element 1s part of the
auxiliary memory device or the main memory device in the
processing system.

The electronic device turther comprising a data storage
system which may include: a storage device configured to
store data and conserve stored data regardless of power sup-
ply; a controller configured to control input and output of data
to and from the storage device according to a command
inputted form an outside; a temporary storage device config-
ured to temporarily store data exchanged between the storage
device and the outside; and an interface configured to perform
communication between at least one of the storage device, the
controller and the temporary storage device and the outside,
wherein the semiconductor memory unit that includes the
variable resistance element 1s part of the storage device or the
temporary storage device in the data storage system.

The electronic device further comprising a memory system
which may include: a memory configured to store data and
conserve stored data regardless of power supply; a memory
controller configured to control mput and output of data to
and from the memory according to a command inputted form
an outside; a bulfer memory configured to buifer data
exchanged between the memory and the outside; and an inter-
face configured to perform communication between at least
one of the memory, the memory controller and the buffer
memory and the outside, wherein the semiconductor memory
unit that includes the variable resistance element 1s part of the
memory or the buffer memory 1n the memory system.

In an implementation, there i1s provided an electronic
device including a semiconductor memory unit. The semi-
conductor memory unit may include: a first variable resis-
tance element with different resistance values according to
values stored therein; a second variable resistance element
with different resistance values according to values stored
therein; a reference resistor element with a first reference
resistance value; a first comparison umt having a first input
terminal which 1s connected to the first variable resistance
clement and a second 1input terminal which 1s connected to the
reference resistor element, and configured to determine
whether a resistance value of the first variable resistance
clement 1s larger or smaller than a second reference resistance
value; and a second comparison unit having a first input
terminal which 1s connected to the second variable resistance
clement and a second input terminal which 1s connected to the
reference resistor element, and configured to determine
whether a resistance value of the second varniable resistance
clement 1s larger or smaller than the second reference resis-
tance value.

The first reference resistance value may be 201 the second
reference resistance value.
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Each of the first variable resistance element and the second
variable resistance element may have a first resistance value
smaller than the second reference resistance value when a first
value 1s stored therein, and have a second resistance value
larger than the second reference resistance value when a
second value 1s stored therein.

Each of the first comparison unit and the second compari-
son unit may output a result of comparing an amount of
current flowing through the first input terminal thereof and an

amount of current flowing through the second imnput terminal
thereof.

In the case where the amount of current flowing through the
first input terminal of the first comparison unit 1s larger than
the amount of current flowing through the second 1nput ter-
minal of the first comparison unit, a value stored in the first
variable resistance element 1s the first value, and, in the case
where the amount of current flowing through the first input
terminal of the first comparison unit 1s smaller than the
amount of current flowing through the second input terminal
ol the first comparison unit, a value stored 1n the first variable
resistance element 1s the second value.

In the case where the amount of current tlowing through the
first input terminal of the second comparison unit i1s larger
than the amount of current tlowing through the second input
terminal of the second comparison unit, a value stored 1n the
second variable resistance element 1s the first value, and, 1n
the case where the amount of current flowing through the first
input terminal of the second comparison unit 1s smaller than
the amount of current flowing through the second 1nput ter-
minal of the second comparison umit, a value stored 1n the
second variable resistance element 1s the second value.

An amount of current tlowing through the reference resis-
tor element may be equal to a sum of the amount of current
flowing through the second input terminal of the first com-
parison unit and the amount of current flowing through the
second 1nput terminal of the second comparison unait.

Each of the first comparison unit and the second compari-
son unit may include: an output node and an output bar node;
a {irst internal node and a second internal node; a precharge
driving section configured to pull-up drive the output node
and the output bar node 1n a precharge operation; an output
bar driving section configured to pull-up drive the output bar
node 1n response to a voltage of the output node or drive the
output bar node with a voltage of the first internal node, 1n a
read operation; an output driving section configured to pull-
up drive the output node 1n response to a voltage of the output
bar node or drive the output node with a voltage of the second
internal node, 1 the read operation; a first current sinking
section configured to sink current from the first internal node
by an amount of current corresponding to a voltage of the first
input terminal 1n the read operation; and a second current
sinking section configured to sink current from the second
internal node by an amount of current corresponding to a
voltage of the second input terminal 1n the read operation.

In the case where the amount of current flowing through the
first input terminal 1s larger than the amount of current flow-
ing through the second input terminal, the output bar driving
section pull-down drives the output bar node, and the output
driving section pull-up drives the output node.

In the case where the amount of current tlowing through the
second 1put terminal 1s larger than the amount of current
flowing through the first input terminal, the output bar driving
section pull-up drives the output bar node, and the output
driving section pull-down drives the output node.

Each of the first variable resistance element and the second
variable resistance element may include at least one of a metal
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oxide, a phase change substance, and a structure 1n which a
tunnel barrier layer 1s interposed between two ferromagnetic
layers.

The electronic device further comprising a microprocessor
which may include: a control unit that 1s configured to receive
a signal including a command from an outside of the micro-
processor, and performs extracting, decoding of the com-
mand, or controlling input or output of a signal of micropro-
cessor; and an operation umt configured to perform an
operation based on a result that the control unit decodes the
command; and a memory unit configured to store data for
performing the operation, data corresponding to a result of
performing the operation, or an address of data for which the
operation 1s performed, wherein the semiconductor memory
unit that includes the variable resistance element 1s part of the
memory unit in the microprocessor.

The electronic device further comprising a processor
which may include: a core unit configured to perform, based
on a command 1nputted from an outside of the processor, an
operation corresponding to the command, by using data; a
cache memory unit configured to store data for performing
the operation, data corresponding to a result of performing the
operation, or an address of data for which the operation 1s
performed; and a bus interface connected between the core
unit and the cache memory unit, and configured to transmit
data between the core unmit and the cache memory unit,
wherein the semiconductor memory unit that includes the
variable resistance element 1s part of the cache memory unit
in the processor.

The electronic device further comprising a processing sys-
tem which may include: a processor configured to decode a
command recerved by the processor and control an operation
for information based on a result of decoding the command;
an auxiliary memory device configured to store a program for
decoding the command and the information; a main memory
device configured to call and store the program and the infor-
mation from the auxiliary memory device such that the pro-
cessor can perform the operation using the program and the
information when executing the program; and an interface
device configured to perform communication between the
processor, the auxiliary memory device or the main memory
device and the outside, wherein the semiconductor memory
unit that includes the variable resistance element 1s part of the
auxiliary memory device or the main memory device 1n the
processing system.

The electronic device further comprising a data storage
system which may include: a storage device configured to
store data and conserve stored data regardless of power sup-
ply; a controller configured to control input and output of data
to and from the storage device according to a command
inputted form an outside; a temporary storage device config-
ured to temporarily store data exchanged between the storage
device and the outside; and an interface configured to perform
communication between at least one of the storage device, the
controller and the temporary storage device and the outside,
wherein the semiconductor memory unit that includes the
variable resistance element 1s part of the storage device or the
temporary storage device in the data storage system.

The electronic device further comprising a memory system
which may include: a memory configured to store data and
conserve stored data regardless of power supply; a memory
controller configured to control mput and output of data to
and from the memory according to a command inputted form
an outside; a bulfer memory configured to bulfer data
exchanged between the memory and the outside; and an inter-
face configured to perform communication between at least
one of the memory, the memory controller and the butifer
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memory and the outside, wherein the semiconductor memory
unit that includes the variable resistance element 1s part of the
memory or the butfer memory 1n the memory system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exemplary configuration diagram of a
magnetic tunnel junction (MT1J) element as one of the struc-
tures 1n which a tunneling barrier layer 1s interposed between
two ferromagnetic layers.

FIGS. 2A and 2B show a principle of storing data in a
variable resistance element.

FIG. 3 shows an exemplary configuration diagram of a
memory circuit (device) including variable resistance ele-
ments.

FIG. 4 shows an exemplary configuration diagram of a
memory circuit (device) including variable resistance ele-
ments.

FIG. 5 shows an exemplary configuration diagram of the
comparison umts of FIG. 4.

FIG. 6 shows an exemplary configuration diagram of a
memory circuit (device) including variable resistance ele-
ments.

FIG. 7 shows an example of a configuration diagram of a
microprocessor implementing memory circuitry based on the
disclosed technology.

FIG. 8 shows an example of a configuration diagram of a
processor implementing memory circuitry based on the dis-
closed technology.

FIG. 9 shows an example of a configuration diagram of a
system 1mplementing memory circuitry based on the dis-
closed technology.

FIG. 10 shows an example of a configuration diagram of a
data storage system implementing memory circuitry based on
the disclosed technology.

FIG. 11 shows an example of a configuration diagram of a
memory system implementing memory circuitry based on the
disclosed technology.

DETAILED DESCRIPTION

Various examples and implementations of the disclosed
technology are described below 1n detail with reference to the
accompanying drawings.

A semiconductor device 1n accordance with implementa-
tions of the present disclosure may include a variable resis-
tance element. In the following descriptions, a variable resis-
tance element may exhibits a resistance variable
characteristic and may include a single layer or a multi-layer.
For example, a variable resistance element may include sub-
stances used in an RRAM, a PRAM, an MRAM, an FRAM,
etc., for example, a chalcogenide-based compound, a transi-
tion metal compound, a ferroelectric, a ferromagnetic, and so
on. However, the present invention 1s not limited to these
substances, and 1t 1s suificient for a variable resistance ele-
ment to have a resistance variable characteristic that 1t 1s
switched between different resistant states according to volt-
ages or current applied to both ends thereof.

In detail, a variable resistance element may include a metal
oxide. For example, the metal oxide may be a transition metal
oxide such as a nickel (N1) oxide a titanium (T1) oxide, a
hatnium (HI) oxide, a zirconium (Zr) oxide, a tungsten (W)
oxide and a cobalt (Co) oxide or a perovskite-based substance
suchas STO (5r110) and PCMO (PrCaMnQO). Such a variable
resistance element may exhibit a characteristic that 1t 1s
switched between different resistant states due to creation and
extinction of current filaments through behavior of vacancies.
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Also, a variable resistance element may include a phase
change substance. For example, the phase change substance
may be a chalcogenide-based substance such as GST (Ge—
Sb—Te). This vanable resistance element may exhibit a char-
acteristic that 1t 1s switched between different resistant states
by being stabilized 1n a crystalline state and an amorphous
state by heat.

Further, a vaniable resistance element may include a struc-
ture 1n which a tunneling barrier layer 1s interposed between
two ferromagnetic layers. The ferromagnetic layers may be
formed using a substance such as NiFeCo and CoFe, and the
tunneling barrier layer may be formed using a substance such
as Al203. The variable resistance element may exhibit a
characteristic that 1t 1s switched between different resistant
states according to magnetization directions of the ferromag-
netic layers. For example, in the case where the magnetization
directions of the two ferromagnetic layers are parallel to each
other, the variable resistance element may be 1n a low resistant
state, and, 1n the case where the magnetization directions of
the two ferromagnetic layers are anti-parallel to each other,
the variable resistance element may be 1 a high resistant
state.

FIG. 1 shows a diagram showing an exemplary configura-
tion diagram of a magnetic tunnel junction (MT11J) element
100 as one of structures 1n which a tunneling barrier layer 1s
interposed between two ferromagnetic layers.

Referring to FIG. 1, the M1 element 100 may include a
first electrode layer as a top electrode, a second electrode
layer as a bottom electrode, a first ferromagnetic layer and a
second ferromagnetic layer as a pair of ferromagnetic layers,
and a tunneling barrier layer which 1s formed between the pair
of ferromagnetic layers.

The first ferromagnetic layer may be a free ferromagnetic
layer, the magnetization direction of which 1s changed
according to a direction of current applied to the M1 element
100, and the second ferromagnetic layer may be a pinned
terromagnetic layer, the magnetization direction of which 1s
pinned.

A resistance value of the M T element 100 may be changed
according to a direction of current, and the MJT element 100
may record data “0” or *“1”.

FIGS. 2A and 2B show a principle of storing data in a
variable resistance element R. The vanable resistance ele-
ment R may be the MTJ element 100 described above with
reference to FIG. 1.

FIG. 2A shows a principle of storing data having a low
logic value 1n the vanable resistance element R. In order to
select the variable resistance element R 1n which data 1s to be
stored, a word line WL connected to the variable resistance
clement R may be activated, and a select transistor ST may be
turned on. As current flows from one end to the other end (in
the direction indicated by the arrow), that 1s, from the first
clectrode layer as a top electrode to the second electrode layer
as a bottom electrode in the MT1J element 100 shown 1n FIG.
1, the magnetization direction of the first ferromagnetic layer
as a Iree ferromagnetic layer and the magnetization direction
of the second ferromagnetic layer as a pinned ferromagnetic
layer may become parallel to each other, and the variable
resistance element R may be in a low resistance state. When
the variable resistance element R 15 1n the low resistance state,
it 1s defined that ‘low’ data 1s stored in the variable resistance
clement R.

FIG. 2B 1s a diagram explaining a principle of storing data
having a high logic value in the variable resistance element R..
In a similar manner as described with reference to FIG. 2A,
the word line WL connected to the variable resistance element
R may be activated, and the select transistor ST may be turned
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on. As current flows from one end to the other end (in the
direction indicated by the arrow), that 1s, from the second
clectrode layer to the first electrode layer 1n the M'TJ element
100 shown 1n FIG. 1, the magnetization direction of the first
ferromagnetic layer and the magnetization direction of the
second ferromagnetic layer may become anti-parallel to each
other, and the vaniable resistance element R may be n a high
resistance state. When the varniable resistance element R 1s in
the high resistance state, 1t 1s defined that ‘high’ data 1s stored
in the variable resistance element R.

FIG. 3 shows an exemplary configuration diagram of a
memory circuit (device) including variable resistance ele-
ments.

As shown 1n FIG. 3, the memory circuit (device) may
include the first variable resistance element R1, a first refer-
ence resistance element RC1, a first comparison unit
COMP1, the second variable resistance element R2, a second
reference resistance element RC2, and a second comparison
unmit COMP2. The memory circuit (device) including variable
resistance elements may read the data stored 1n variable resis-
tance elements R1 and R2. Although the memory circuit
(device) includes a number of varniable resistance elements
which are disposed 1n the form of an array, FIG. 3 shows the
above-described configuration as an example for the sake of
clear explanation.

Each of the first variable resistance element R1 and the
second variable resistance element R2 may have a first resis-
tance value RLL when the low data 1s stored therein, and a
second resistance value RH greater than the first resistance
value RL when the high data 1s stored therein. Each of the first
reference resistance element RC1 and the second reference
resistance element RC2 may have a resistance value between
the first resistance value RL and the second resistance value
RH.

In a read operation, when the first variable resistance ele-
ment R1 1s designated by an address, the first comparison unit
COMP1 may compare the resistance value of the first variable
resistance element. R1 connected to a first input node IN1 and
the resistance value of the first reference resistance element
RC1 connected to a second input node IN2, and may output a
comparison result through an output node OUT1. According
to the value outputted from the output node OUT]1, the data
stored 1n the first variable resistance element R1 1s deter-
mined. For example, in the case where the resistance value of
the first variable resistance element R1 1s smaller than the
resistance value of the first reference resistance element RC1
as a result of the comparison of the first comparison unit
COMP1, 1t 1s determined that the low data 1s stored 1n the first
variable resistance element R1, and, in the case where the
resistance value of the first variable resistance element R1 1s
greater than the resistance value of the first reference resis-
tance element RC1 as a result of the comparison of the first
comparison unit COMP1, 1t 1s determined that the high data 1s
stored 1n the first variable resistance element R1. When the
second variable resistance element R2 1s designated by an
address, 1n a similar manner as described above, the second
comparison unit COMP2 may compare the resistance value
of the second variable resistance element R2 connected to a
first input node IN1 and the resistance value of the second
reference resistance element RC2 connected to a second input
node 1N2, and may output a comparison result through an
output node OUT2. According to the value outputted from the
output node OUT2, the data stored 1n the second variable
resistance element R2 1s determined.

In general, a semiconductor device includes several tens to
several thousands of comparison units as described above.
Since each comparison unit should be necessarily connected
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with a reference resistance element to determine the data
stored 1n a variable resistance element, the semiconductor
device includes reference resistance elements equal to the
number of comparison units. Because each reference resis-
tance element includes a resistive component, as a semicon-
ductor device becomes highly integrated and the number of
comparison units increases, the number of resistive elements
also 1ncreases, which consumes more area.

FIGS. 4 and 6 show implementations of a memory circuit
(device) including varniable resistance elements as described
above.

FIG. 4 shows an exemplary configuration diagram of a
memory circuit (device) including variable resistance ele-
ments.

As shown 1n FIG. 4, the memory circuit (device) may
include a plurality of first variable resistance elements R1
cach having different resistance values according to the val-
ues stored therein, a plurality of second variable resistance
clements R2 each having different resistance values accord-
ing to the values stored therein, a reference resistance element
RC having a first reference resistance value, a first compari-
son unit 410 having a first input node IN1 which 1s connected
to one end of a first variable resistance element R1 selected
among the plurality of first variable resistance elements R1
and a second 1nput node IN2 which 1s connected to one end of
the reference resistance element RC, and may determine
whether the resistance value of the selected first variable
resistance element R1 1s greater or smaller than a second
reference resistance value RREF, and a second comparison
unit 420 having a first input node IN1 which 1s connected to
one end of a second variable resistance element R2 selected
among the plurality of second variable resistance elements R2
and a second input node IN2 which 1s connected to the one
end of the reference resistance element. RC, and may deter-
mine whether the resistance value of the selected second
variable resistance element R2 1s greater or smaller than the
second reference resistance value RREF. The first reference
resistance value of the reference resistance element RC may
be a half of the second reference resistance value RREF,
which will be described later.

The memory circuit (device) may further include select
transistors ST which are connected with the variable resis-
tance elements R1 and R2 to allow current to tlow through the
variable resistance elements R1 and R2 when the resistance
values of the variable resistance elements R1 and R2 change.
Each select transistor ST may be turned on when a word line
connected thereto 1s activated, and turned off when the word
line connected thereto 1s deactivated. Hereinatter, each first
variable resistance element R1 and each select transistor ST
will be collectively referred to as a first storage cell SC1, and
cach second variable resistance element R2 and each select
transistor ST will be collectively referred to as a second
storage cell SC2.

The memory circuit (device) will be described 1n detail
with reference to FIG. 4.

The memory circuit (device) may include the variable
resistance elements R1 and R2 for storing data, and the ref-
erence resistance element RC used for determining the values
stored 1n the variable resistance elements R1 and R2. Each of
the variable resistance elements R1 and R2 may be 1n the low
resistance state (with the first resistance value RL) when the
low data (first data) 1s stored therein. Conversely, each of the
variable resistance elements R1 and R2 may become in the
high resistance state (with the second resistance value RH)
when the high data (second data) 1s stored therein. The values
stored 1n the variable resistance elements R1 and R2 or the
states of the vaniable resistance elements R1 and R2 may vary
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according to high data and low data stored in the variable
resistance elements R1 and R2.

The first comparison unit 410 may output a result of com-
paring the resistance value of a first variable resistance ele-
ment R1 selected among the plurality of first variable resis-
tance elements R1 and the second reference resistance value
RREF. The second reference resistance value RREF may be
greater than the first resistance value RL and smaller than the
second resistance value RH. That 1s to say, each of the vari-
able resistance elements R1 and R2 has the first resistance
value RL smaller than the second reference resistance value
RREF when a first value (a low value) 1s stored therein, and
has the second resistance value RH greater than the second
reference resistance value RREF when a second value (a high
value) 1s stored therein. Accordingly, each of the varniable
resistance elements R1 and R2 may be determined to store the
low data when the resistance value of each of the variable
resistance elements R1 and R2 1s smaller than the second
reference resistance value RREF, and may be determined to
store the high data when the resistance value of each of the
selected first variable resistance elements R1 and R2 1s
greater than the second reference resistance value RREF.

The plurality of first storage cells SC1 electrically coupled
to the first comparison unit 410 may be disposed 1n the form
of an array. Each ofthe plurality of first storage cells SC1 may
correspond to a single word line among a plurality of word
lines WL0 to WLN, and a single bit line among a plurality of
bit lines BLO to BLM. In order to select a single first storage
cell SC1 among the plurality of first storage cells SC1, the
memory circuit may activate a single word line among the
plurality of word lines WL0 to WLN, and electrically connect
a single bit line among the plurality of bit lines BL.O to BLM
to the first mnput node IN1 of the first comparison unit 410.
The selected first storage cell SC1 may correspond to the
address (not shown) inputted to the memory circuit. A plural-
ity of column select transistors CST_0 to CST_M may cor-
respond to the plurality of bitlines BL0 to BLM, respectively.
Each of a plurality of column select transistors CST_0 to
CST_M may be connected between the corresponding bit line
among the plurality of bit lines BLL0 to BLM and the first input
node IN1 of the first comparison unit 410, and may be turned
on when the corresponding column select signal among a
plurality of column select signals SEL0 to SELM 1s activated.

In a read operation, read current IR1 corresponding to the
resistance value of the selected first variable resistance ele-
ment R1 included 1n the selected first storage cell SC1 may
flow through the first input node IN1 of the first comparison
umt 410, and reference current IREF1 corresponding to the
second reference resistance value RREF may tlow through
the second mput node IN2 of the first comparison unit 410.
The read current IR1 may pass through both ends of the
selected first variable resistance element R1, and the refer-
ence current IREF1 may pass through both ends of the refer-
ence resistance element RC. The first comparison unit 410
may determine whether the resistance value of the selected
first variable resistance element R1 1s greater or smaller than
the second reference resistance value RREF by comparing the
amount of the read current IR1 and the amount of the refer-
ence current IREF1, and may output the result of determina-
tion or comparison through an output node OUT1.

The amount of the read current IR1 flowing through the
first variable resistance element R1 having the first resistance
value RL 1s greater than the amount of the read current IR1
flowing through the first variable resistance element R1 hav-
ing the second resistance value RH. The amount of the refer-
ence current IREF1 1s smaller than the amount of the read
current IR1 flowing through the first variable resistance ele-
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ment R1 having the first resistance value RL, and 1s greater
than the amount of the read current IR1 flowing through the
first variable resistance element R1 having the second resis-
tance value RH. Accordingly, when the amount of the current
IR1 1s greater than the amount of the reference current IREF1,
the selected first variable resistance element R1 may be deter-
mined to store the first value (the low value), and when the
amount of the current IR1 1s smaller than the amount of the
reference current IREF1, the selected first variable resistance
clement R1 may be determined to store the second value (the
high value).

As described above, the reference resistance element RC
may have the first reference resistance value which 1s a halt of
the second reference resistance value RREF. That 1s to say, the
first reference resistance value may be RREF/2. The refer-
ence resistance element RC may be connected to the second
input node IN2 of the first comparison unit 410 through a first
transistor RT1, and may be connected to the second input
node IN2 of the second comparison unit 420 through a second
transistor RT2. The first and second transistors R11 and RT2
may be turned on in response to a read signal RDS which 1s
activated during the read operation. When the first and second
transistors RT1 and RT2 are turned on, the reference resis-
tance element RC may be electrically connected with the
second mput nodes IN2 of the first and second comparison
units 410 and 420.

According to the comparison result as described above,
when the resistance value of the first vanable resistance ele-
ment R1 1s smaller than the second reference resistance value
RREF, or when the value of the read current IR1 1s greater
than the value of the reference current IREF1, the first com-
parison unit 410 may output the low value stored in the first
variable resistance element R1, through the output node
OUT1, and, when the resistance value of the first variable
resistance element R1 is greater than the second reference
resistance value RREF, or when the value of the read current
IR1 1s smaller than the value of the reference current IRFF1,
the first comparison umt 410 may output the high value stored
in the first variable resistance element R1, through the output
node OUT1.

During the read operation, 1n the same manner as a single
first storage cell SC1 1s selected among the plurality of first
storage cells SC1, a single second storage cell SC2 may be
selected among the plurality of second storage cells SC2.
While 1t 1s 1llustrated 1n FIG. 4 that the second storage cells
SC2 are connected to the same word lines as the first storage
cells SC1 and are selected 1n response to the same column
select signals SELO to SELM, 1t 15 to be noted that the first
storage cells SC1 and the second storage cells SC2 may be
connected to different word lines and may be selected by
different column select signals.

The second comparison umit 420 may operate in the same
manner as the first comparison unit 410 described above. The
second comparison unit 420 may determine whether the
resistance value of the selected second variable resistance
clement R2 1s greater or smaller than the second reference
resistance value RREF by comparing the amount of a read
current IR2 flowing though the selected second variable resis-
tance element R2 and the amount of a reference current
IREF2 corresponding to the second reference resistance
value RREF, and may output the result of determination or
comparison through an output node OUT2. The value output-
ted from the output node OUT2 may correspond to the value
stored 1n the selected second variable resistance element R2.

During the read operation, one of the plurality of first
variable resistance elements R1 and one of the plurality of
second variable resistance elements R2 are simultaneously
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selected, and the values stored 1in the selected first variable
resistance element R1 and the selected second variable resis-
tance element R2 are simultaneously read. Therefore, the read
current IR1 corresponding to the resistance value of the
selected first vanable resistance element R1 and the read
current IR2 corresponding to the resistance value of the
selected second variable resistance element R2 may simulta-
neously tlow through the first imnput node IN1 of the first
comparison unit 410 and the first input node IN1 of the second
comparison unit 420, respectively, and reference current
IREF1 and reference current IREF2 corresponding to the
second reference resistance value RREF may simultaneously
flow through the second mput node IN2 of the first compari-
son unit 410 and the second input node IN2 of the second
comparison unit 420, respectively. Accordingly, the amount
of current flowing through the reference resistance element
RC 1s equal to the sum of the amount of current IREF1 and
IRFE2 respectively flowing through the second input node
IN2 ofthe first comparison unit 410 and the second input node
IN2 of the second comparison unit 420.

Unlike the conventional art, in the present disclosure, the
two comparison units 410 and 420 may share the reference
resistance element RC, and therefore 1t 1s possible to reduce
the total area for reference resistance elements. In this regard,
in order to share the reference resistance element RC, the
resistance value of the reference resistance element RC in
accordance with the implementation of the present disclosure
1s set differently from the conventional art. The resistance
value of a reference resistance element which 1s connected to
a comparison unit in the conventional art may correspond to
the second reference resistance value RREF, and the resis-
tance value of the reference resistance element RC of the
memory circuit in accordance with the implementation of the
present disclosure may be the first reference resistance value
that s a half of the second reference resistance value RREF as
described above. However, operations of the comparison unit
according to the conventional art and the respective compari-
son units 410 and 420 according to the implementation of the
present disclosure may be the same. Hereinbelow, a principle
of why the operations of the respective comparison units 410
and 420 are the same as the conventional art even though the
first resistance value of the reference resistance element RC 1s
different from the resistance value of a reference resistance
clement which 1s connected to a comparison unit 1n the con-
ventional art will be described with reference to FIG. 3.

FIG. 5 shows an exemplary configuration diagram of the
comparison unts 410 and 420 of FIG. 4.

As shown 1n FIG. 5, each of the comparison units 410 and
420 may include an output node OUT and an output bar node
OUTRB, a first internal node NO1 and a second internal node
NO2, a precharge driving section 510 for pull-up driving the
output node OUT and the output bar node OUTB during a
precharge operation, an output bar driving section 520 for
pull-up driving the output bar node OUTB or for driving the
output bar node OUTB with the voltage of the first internal
node NOI1 1n response to the voltage of the output node OUT
during the read operation, an output driving section 530 for
pull-up driving the output node OUT or for driving the output
node OUT with the voltage of the second internal node NO2
in response to the voltage of the output bar node OUTB
during the read operation, a first current sinking section 540
for drawing from the second internal node NO2 the read
current IR1 or IR2 flowing through the first input terminal
IN1 during the read operation, and a second current sinking
section 350 for drawing from the first internal node NO1 to
the reference current IREF1 or IRFE2 flowing through the
second 1nput node IN2 during the read operation.
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Operations of each of the comparison units 410 and 420
will be described below with reference to FIG. 5.

The output node OUT corresponds to each of the output
nodes OUT1 and OUT2 of the comparison units 410 and 420
in FIG. 4. Each of the comparison units 410 and 420 may
output through the outputnode OUT a result of comparing the
amounts of the read current IR1 or IR2 flowing through the
first input node IN1 and the reference current IREF1 or IREF
flowing through the second input node IN2.

The precharge driving section 510 may pull-up drive the
output node OU'T and the output bar node OUTB 1n response
to a first precharge signal PRE1 which 1s activated during the
precharge operation before the read operation. When the pre-
charge operation 1s completed, the voltages of the output node
OU'TT and the output bar node OUTB may be precharged to the
same voltage level. The precharge driving section 510 may
include a PMOS transistor P1 having the source to which a
power supply voltage VDD 1s applied, the drain which 1s
connected to the output node OUT and the gate to which the
first precharge signal PRE1 1s applied, and a PMOS transistor
P2 having the source to which the power supply voltage VDD
1s applied, the drain which 1s connected to the output bar node
OUTB and the gate to which the first precharge signal PRE1
1s applied.

The output bar driving section 520 may pull-up drive the
output bar node OUTB inresponse to the voltage of the output
node OUT or drive the output bar node OUTB with the
voltage of the first internal node NO1 during the read opera-
tion. The output bar driving section 520 may strongly drive
the output bar node OUTB with the voltage of the first internal
node NOI1 as the voltage of the output node OUT gradually
reaches a voltage level corresponding to a high level, and may
strongly pull-up drive the output bar node OUTB as the
voltage of the output node OUT gradually reaches a voltage
level corresponding to a low level. The output bar driving
section 520 may include a PMOS transistor P3 having the
source to which the power supply voltage VDD 1s applied, the
drain which 1s connected to the output bar node OUTB and
the gate which 1s connected to the output in node OU'T, and an
NMOS transistor N1 having the source which 1s connected to
the first internal node N01, the drain which 1s connected to the
output bar node OUTB and the gate which 1s connected to the
output node OUT.

The output driving section 530 may pull-up drive the out-
put node OUT 1n response to the voltage of the output bar
node OUTB or drive the output node OUT with the voltage of
the second 1nternal node NO2 during the read operation. The
output driving section 330 may strongly drive the output node
OU'T with the voltage of the second internal node NO2 as the
voltage of the output bar node OUTB gradually reaches a
voltage level corresponding to a high level, and may strongly
pull-up drive the output node OUT as the voltage ofthe output
bar node OUTB gradually reaches a voltage level correspond-
ing to a low level. The output driving section 530 may include
a PMOS transistor P4 having the source to which the power
supply voltage VDD 1s applied, the drain which 1s connected
to the output node OU'T and the gate which 1s connected to the
output bar node OUTB, and an NMOS transistor N2 having
the source which 1s connected to the second internal node
NO2, the drain which 1s connected to the output node OUT
and the gate which 1s connected to the output bar node OUTB.

The first current sinking section 340 may draw from the
second internal node NO2 the read current IR1 or 1R2 flow-
ing through the first input node IN1 during the read operation.
The voltage of the first input node IN1 when the selected first
variable resistance element. R1 or the selected second vari-
able resistance element R2 electrically connected to the first
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input node IN1 has the first resistance value RL. may be lower
than when the selected first variable resistance element R1 or
the selected second variable resistance element R2 electri-
cally connected to the first input node IN1 has the second
resistance value RH. The amount of the read current IR1 or
IR2 flowing through the first input node IN1 when the resis-
tance value of the selected first variable resistance element R1
or the selected second variable resistance element R2 electr-
cally connected to the first input node IN1 has the first resis-
tance value RL may be greater than when the selected first
variable resistance element R1 or the selected second variable
resistance element. R2 electrically connected to the first input
node IN1 has the second resistance value RH.

In detail, the first current sinking section 540 may include
an NMOS transistor N3 having the drain which 1s connected
to the second internal node NO2 and the gate to which a read
cnable signal REN 1s applied, and an NMOS transistor N4
having the gate to which a first control voltage CONI1 1s
applied, and the source which 1s connected to the first input
node IN1. The source of the NMOS transistor N3 and the
drain of the NMOS transistor N4 may be connected with each
other. The read enable signal REN may be activated, and the
NMOS transistor N3 may be turned on during the read opera-
tion. The first control voltage CON1 may limait the read cur-
rent IR1 or IR2 flowing through the first input node IN1 to a
desired amount. When the voltage of the first input node IN1
rises, the amount of the read current IR1 or IR2 flowing
through the first input node IN1 may decrease as the voltage
difference between the gate and the source of the NMOS
transistor N4 decreases, and when the voltage of the first input
node IN1 falls, the amount of the read current IR1 or IR2
flowing through the first input node IN1 may increase as the
voltage difference between the gate and the source of the
NMOS transistor N4 1ncreases.

The second current sinking section 350 may draw from the
first internal node NO1 the reference current IREF1 or IREF2
flowing through the second 1mnput node IN2 during the read
operation. The first resistance value of the reference resis-
tance element RC electrically connected to the second input
node IN2 may be constant, and therefore the amount of the
reference current IREF1 or IREF2 tflowing through the sec-
ond mput node IN2 during the read operation may also be
constant. During the read operation, the amount of the refer-
ence current IREF1 or IREF2 flowing through the second
input node IN2 may be smaller than the amount of the read
current IR1 or IR2 flowing through the first input node IN1
when the selected first variable resistance element R1 or the
selected second vanable resistance element R2 electrically
connected to the first input node IN1 has the first resistance
value RL, and may be greater than the amount of the read
current IR1 or 1R2 flowing through the first input node IN1
when the selected first variable resistance element R1 or the
selected second variable resistance element R2 electrically
connected to the first input node IN1 has the second resistance
value RH.

In detail, the second current sinking section 350 may
include an NMOS transistor N5 having the drain which 1s
connected to the first internal node NO1 and the gate to which
the read enable signal REN 1s applied, and an NMOS transis-
tor N6 having the gate to which a second control voltage
CON2 1s applied and the source which i1s connected to the
second iput node IN2. The source of the NMOS transistor
NS and the drain of the NMOS transistor N6 may be con-
nected with each other. The read enable signal REN may be
activated, and the NMOS transistor NS may be turned on
during the read operation. The second control voltage CON2
may limit the reference current IREF1 or IREF2 flowing




US 9,263,114 B2

17

through the second mput node IN2 to a desired amount. The
reference current IREF1 or IREF2 corresponding to the volt-
age difference between the second control voltage CON2 and
the voltage of the second input node IN2 flows through the
second 1nput node IN2.

Besides, each of the comparison units 410 and 420 may
include NMOS transistors N7 and N8 which are respectively
connected to the first internal node NO1 and the second
internal node NO2. The NMOS transistors N7 and N8 may
pull-down drive the first mnternal node NO1 and the second
internal node NO2 1n response to a second precharge signal
PRE2 which 1s activated during the precharge operation.
According to the voltage levels and the durations of the acti-
vation periods of the first precharge signal PRE1 and the
second precharge signal PRE2, the voltage level of a signal to
be outputted through the output node OUT may be controlled.

The comparison units of the conventional art which do not
share a reference resistance element and two comparison
units of the implementation of the present disclosure which
share a reference resistance element will be compared with
reference to FIGS. 3 to 5. According to the conventional art,
the resistance value of the reference resistance element 1s
RREF and the amount of current flowing through the refer-
ence resistance element 1s IREF, and thus, the voltage of the
second 1nput node IN2 of each comparison unit 1s expressed
as VIN2=RREFxIREF. According to the implementation of
the present disclosure, the first resistance value of the a ref-
erence resistance element RC, which corresponds to the ret-
erence resistance element of the conventional art, 1s RREF/2,
the amount of reference current IREF1 or IREF2 flowing
through the second input node IN2 of each of the two com-
parison units 1s IREF and the amount of the reference current
flowing through the reference resistance element RC 1is
2xIREF, and thus, the voltage of the second input node IN2 of
cach of the two comparison units 1s expressed as VIN2=
(RREF/2)x(2xIREF)=RREFxIREF.

That 1s to say, the voltage VIN2 applied to the second input
node IN2 of the conventional art and the implementation of
the present disclosure 1s the same as each other. Because the
amount of current flowing through the second mput node IN2
ol a comparison unit depends on the voltage of the second
input node IN2 of the comparison unit, the amount of current
flowing through the second input node IN2 of the conven-
tional art and the implementation of the present disclosure 1s
the same as each other. In other words, the comparison units
of the conventional art and the implementation of the present
disclosure operate 1n the same manner. Accordingly, two
comparison units may share and use the reference resistance
clement. When the number of comparison units which share
a reference resistance element 1s N, the first resistance value
of the reference resistance element may be RREF/N, and
operations of the respective comparison units are the same as
the comparison units of the conventional art.

FIG. 6 shows an exemplary configuration diagram of a
memory circuit (device) including variable resistance ele-
ments.

As shown 1n FIG. 6, amemory circuit (device) may include
a plurality of first to N” variable resistance elements R1 to RN
cach having different resistance values according to the val-
ues stored therein, a first: reference resistance element RC
having a first reference resistance value, and first to N” com-
parison units 610_1 to 610_N having first input nodes IN1
which are respectively connected to corresponding variable
resistance elements selected among the plurality of first to N”
variable resistance elements R1 to RN and second input nodes
IN2 which are connected to the reference resistance element
RC, and configured to determine whether the resistance val-
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ues of the variable resistance elements connected to the first
input nodes IN1 are greater or smaller than a second reference
resistance value RREF.

The memory circuit (device) may further include select
transistors ST which are connected with the variable resis-
tance elements R1 to RN to allow current to flow through the
variable resistance elements R1 to RN when the resistance
values of the variable resistance elements R1 to RN changes.
Each of the select transistors ST may be turned on when a
word line connected thereto 1s activated, and turned off when
the word line connected thereto 1s deactivated. Hereinatter, a
K” (1=K<N) variable resistance element RK and a corre-
sponding select transistor ST will be collectively referred to
as a K” storage cell SCK. A K?” comparison unit 610_K
selected among the first to N comparison units 610 _1 to
610_N may be coupled to a K” group of storage cells SCK.

The memory circuit (device) will be described in detail
with reference to FIG. 6.

The memory circuit of FIG. 6 may be the same as the
memory circuit described with reference to FI1G. 4 except that
the number of comparison umts of FIG. 6 1s generally
expressed. Also, the first to N” comparison units 610_1 to
610_N of FIG. 6 may be the same as described above with
reference to FIG. 5. The differences between the memory
circuit of FIG. 6 and the memory circuit of FIG. 4 will be
described below while concentrating on operations.

The first to N groups of storage cells SC1, to SCN may
correspond to the first to N? comparison units 610_1 to
610_N, respectively. The K” (1=K<N) comparison unit may
determine whether the resistance value of a K variable resis-
tance element. RK included in the K” storage cell SCK
selected among the K” group of storage cells SCK is greater
or smaller than the second reference resistance value RREF
by comparing the amount of the read current IRK and the
amount of the reference current IREFK, and may output the
result of determination or comparison through an output node
OUTK. The K storage cell SCK may be selected among the
K™ group of storage cells SCK is the same as described above
with reference to FIG. 4.

In a read operation, each of the First to N? storage cells
SC1 to SCN may be simultaneously selected from each of the
first to N? group of storage cells SC1 to SCN, and the values
stored in the selected first to N storage cells SC1 to SCN may
be stmultaneously read. The read operations of the respective
comparison units are the same as described above with refer-
ence to FIGS. 4 and 5. The amounts of the read current IR1 to
IRN flowing through the first input nodes IN1 of the first to
N comparison units 610_4 to 610 _N may depend on the
values stored in the variable resistance elements R1 to RN
included in the selected first to N storage cells SC1 to SCN.
The amounts of the reference current IREF1 to IREFN tlow-
ing through the second input nodes IN2 of the first to N
comparisonunits 610_1to 610_N may be constantas IREF as
described above with reference to FIGS. 4 and 5.

Accordingly, during the read operation, the amounts of the
reference current IREF1 to IREFN flowing through the sec-
ond input nodes IN2 of'the first to N” comparison units 610_1
to 610_N may be the same as IREE, and the total amount of
the reference current flowing through the reference resistance
clement RC becomes NxIREF as the sum of the amounts of
current IREF1 to IREFN flowing through the second 1nput
nodes IN2 of the first to N” comparison units 610_1 to
610_N. In the memory circuit of FIG. 6, the first reference
resistance value of the reference resistance element RC may

be 1/N of the second reference resistance value RREF
(RL<RREF<RH) and theretfore the first reference resistance
value may be RREF/N. Accordingly, the voltage VIN2 of the
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second input nodes IN2 of the first to N” comparison units
610_1 to 610_N may be expressed as VIN2=(NxIREF)x

(RREF/N) IREFxRREF. As a consequence, each one of N

comparison units according to the implementation of the
present disclosure may operate in the same manner as the
conventional art.

The effects of the memory circuit shown in FIG. 6 may be
the same as the effects of the memory circuit of F1G. 4. As the
number of comparison units which share reference resistance
clements increases, the effect of reducing the area of the
memory circuit may become greater.

For reference, while 1t i1s illustrated 1n FIG. 6 that the
storage cells SC1 to SCN corresponding to the first to N
comparison units 610_1 to 610_N are connected to the same
word lines, 1t 1s to be noted that variable resistance elements
corresponding to respective comparison units may be con-
nected to different word lines according to design.

The above and other memory circuits or semiconductor
devices based on the disclosed technology can be used 1n a
range ol devices or systems. FIGS. 7-11 provide some
examples ol devices or systems that can implement the
memory circuits disclosed herein.

FI1G. 7 shows an example of a configuration diagram of a
microprocessor based on another implementation of the dis-
closed technology.

Referring to FIG. 7, a microprocessor 1000 may perform
tasks for controlling and tuning a series ol processes of
receiving data from various external devices, processing the
data, and outputting processing results to external devices.
The microprocessor 1000 may include a memory unit 1010,
an operation umt 1020, a control unit 1030, and so on. The
microprocessor 1000 may be various data processing units
such as a central processing unit (CPU), a graphic processing
unit (GPU), a digital signal processor (DSP) and an applica-
tion processor (AP).

The memory unit 1010 1s a part which stores data in the
microprocessor 1000, as a processor register, register or the
like. The memory unit 1010 may include a data register, an
address register, a floating point register and so on. Besides,
the memory unit 1010 may include various registers. The
memory unit 1010 may pertform the function of temporarily
storing data for which operations are to be performed by the
operation umt 1020, result data of performing the operations
and an address where data for performing of the operations
are stored.

The memory unit 1010 may include one or more of the
above-described semiconductor devices 1n accordance with
the implementations. A memory unit may include first to N?*
variable resistance elements each having different resistance
values according to values stored therein, wherein N 1s a
natural number equal to or greater than 2; a reference resis-
tance element having a first reference resistance value; and
first to N comparison units which correspond to the first to
N variable resistance elements, respectively, and each of
which determines whether a resistance value of the corre-
sponding variable resistance element 1s greater or less than a
second reference resistance value, wherein the first to N?
comparison units are commonly coupled to the reference
resistance element. Through this, a size of the memory unit
1010 may be reduced. Consequently, a size of the micropro-
cessor 1000 may be reduced.

The operation unit 1020 may perform four arithmetical
operations or logical operations according to results that the
control unit 1030 decodes commands. The operation unit
1020 may include at least one arithmetic logic unit (ALU) and
SO On.
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The control unit 1030 may receive signals from the
memory unit 1010, the operation unit 1020 and an external
device of the microprocessor 1000, perform extraction,
decoding of commands and controlling mput and output of
signals of the microprocessor, and execute processing repre-
sented by programs.

The microprocessor 1000 according to the present imple-
mentation may additionally include a cache memory umit
1040 which can temporarily store data to be inputted from an
external device other than the memory umt 1010 or to be
outputted to an external device. In this case, the cache
memory unit 1040 may exchange data with the memory unit
1010, the operation unit 1020 and the control unit 1030
through a bus interface 1050.

FIG. 8 1s a configuration diagram of a processor based on
another implementation of the disclosed technology.

Referring to FIG. 8, a processor 1100 may improve perior-
mance and realize multi-functionality by including various
functions other than those of a microprocessor which per-
forms tasks for controlling and tuning a series of processes of
receiving data from various external devices, processing the
data, and outputting processing results to external devices.
The processor 1100 may include a core unmit 1110 which
serves as the microprocessor, a cache memory umt 1120
which serves to storing data temporarily, and a bus interface
1130 for transferring data between internal and external
devices. The processor 1100 may include various system-on-
chips (SoCs) such as a multi-core processor, a graphic pro-
cessing unit (GPU) and an application processor (AP).

The core unit 1110 of the present implementation 1s a part
which performs arithmetic logic operations for data inputted
from an external device, and may include a memory unit
1111, an operation unit 1112 and a control unit 1113.

The memory unit 1111 1s a part which stores data in the
processor 1100, as a processor register, a register or the like.
The memory unit 1111 may include a data register, an address
register, a floating point register and so on. Besides, the
memory unit 1111 may include various registers. The
memory unit 1111 may perform the function of temporarily
storing data for which operations are to be performed by the
operation unit 1112, result data of performing the operations
and an address where data for performing of the operations
are stored. The operation unit 1112 1s a part which performs
operations 1n the processor 1100. The operation unit 1112
may perform four arithmetical operations, logical operations,
according to results that the control unit 1113 decodes com-
mands, or the like. The operation unit 1112 may include at
least one arithmetic logic unit (ALU) and so on. The control
unit 1113 may recerve signals from the memory unit 1111, the
operation unit 1112 and an external device of the processor
1100, perform extraction, decoding of commands, control-
ling input and output of signals of processor, and execute
processing represented by programs.

The cache memory unit 1120 1s a part which temporarily
stores data to compensate for a difference 1n data processing
speed between the core unit 1110 operating at a high speed
and an external device operating at a low speed. The cache
memory unit 1120 may include a primary storage unit 1121,
a secondary storage unit 1122 and a tertiary storage unit 1123.
In general, the cache memory unit 1120 includes the primary
and secondary storage umts 1121 and 1122, and may include
the tertiary storage unit 1123 1n the case where high storage
capacity 1s required. As the occasion demands, the cache
memory unit 1120 may include an increased number of stor-
age units. That 1s to say, the number of storage units which are
included 1in the cache memory unit 1120 may be changed
according to a design. The speeds at which the primary,
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secondary and tertiary storage units 1121, 1122 and 1123
store and discriminate data may be the same or different. In
the case where the speeds of the respective storage units 1121,
1122 and 1123 are different, the speed of the primary storage
unit 1121 may be largest. At least one storage umt of the
primary storage unit 1121, the secondary storage unit 1122
and the tertiary storage unit 1123 of the cache memory unit
1120 may include one or more of the above-described semi-
conductor devices 1n accordance with the implementations.
For example, the cache memory unit 1120 implementation
may include first to N variable resistance elements each
having different resistance values according to values stored
therein, wherein N 1s a natural number equal to or greater than
2; a reference resistance element having a first reference
resistance value; and first to N” comparison units which
correspond to the first to N variable resistance elements,
respectively, and each of which determines whether a resis-
tance value of the corresponding variable resistance element
1s greater or less than a second reference resistance value,
wherein the first to N” comparison units are commonly
coupled to the reference resistance element. Through this, a
s1ze of the cache memory unit 1120 may be reduced. Conse-
quently, a size of the processor 1100 may be reduced.
Although 1t was shown i FIG. 8 that all the primary,
secondary and tertiary storage units 1121, 1122 and 1123 are
configured 1nside the cache memory unit 1120, 1t 1s to be
noted that all the primary, secondary and tertiary storage units
1121, 1122 and 1123 of the cache memory unit 1120 may be
configured outside the core unit 1110 and may compensate
for a difference in data processing speed between the core unit
1110 and the external device. Meanwhile, 1t 1s to be noted that
the primary storage unit 1121 of the cache memory unit 1120
may be disposed 1nside the core unit 1110 and the secondary
storage umt 1122 and the tertiary storage unit 1123 may be
configured outside the core unit 1110 to strengthen the func-
tion of compensating for a difference 1n data processing
speed. In another implementation, the primary and secondary
storage units 1121, 1122 may be disposed inside the core
units 1110 and tertiary storage units 1123 may be disposed
outside core units 1110. The bus interface 1130 1s a part which
connects the core unit 1110, the cache memory unit 1120 and
external device and allows data to be efficiently transmaitted.
The processor 1100 according to the present implementa-
tion may include a plurality of core units 1110, and the plu-
rality of core units 1110 may share the cache memory unit
1120. The plurality of core units 1110 and the cache memory
unit 1120 may be directly connected or be connected through
the bus interface 1130. The plurality of core units 1110 may
be configured in the same way as the above-described con-
figuration of the core unit 1110. In the case where the proces-
sor 1100 includes the plurality of core unit 1110, the primary
storage umt 1121 of the cache memory unit 1120 may be
configured 1n each core unit 1110 1n correspondence to the
number of the plurality of core units 1110, and the secondary
storage unit 1122 and the tertiary storage unit 1123 may be
configured outside the plurality of core units 1110 1n such a
way as to be shared through the bus interface 1130. The
processing speed of the primary storage unit 1121 may be
larger than the processing speeds of the secondary and tertiary
storage umt 1122 and 1123. In another implementation, the
primary storage unit 1121 and the secondary storage umit
1122 may be configured 1n each core unit 1110 1n correspon-
dence to the number of the plurality of core umts 1110, and
the tertiary storage unit 1123 may be configured outside the
plurality of core units 1110 1n such a way as to be shared
through the bus interface 1130. The processor 1100 according,
to the present implementation may further include an embed-
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ded memory unit 1140 which stores data, a communication
module unit 1150 which can transmait and recerve data to and
from an external device 1n a wired or wireless manner, a
memory control unit 1160 which drives an external memory
device, and amedia processing unit 1170 which processes the
data prepared 1n the processor 1100 or the data inputted from
an external input device and outputs the processed data to an
external interface device and so on. Besides, the processor
1100 may include a plurality of various modules and devices.
In this case, the plurality of modules which are added may
exchange data with the core units 1110 and the cache memory

umt 1120 and with one another, through the bus interface
1130.

The embedded memory unit 1140 may include not only a
volatile memory but also a nonvolatile memory. The volatile
memory may include a DRAM (dynamic random access
memory), a mobile DRAM, an SRAM (static random access
memory ) and a memory with similar functions to above men-
tioned memories, and so on. The nonvolatile memory may
include a ROM (read only memory), a NOR flash memory, a
NAND flash memory, a phase change random access memory
(PRAM), a resistive random access memory (RRAM), a spin
transier torque random access memory (STTRAM), a mag-
netic random access memory (MRAM), and a memory with
similar functions.

The communication module umit 1150 may include a mod-
ule capable of being connected with a wired network, a mod-
ule capable of being connected with a wireless network and
both of them. The wired network module may include a local
area network (LAN), a umiversal serial bus (USB), an Ether-
net, power line communication (0) such as various devices
which send and recerve data through transmit lines, and so on.
The wireless network module may include Infrared Data
Association (IrDA), code division multiple access (CDMA),
time division multiple access (1 DMA), frequency division
multiple access (FDMA), a wireless LAN, Zigbee, a ubiqui-
tous sensor network (USN), Bluetooth, radio frequency 1den-
tification (RFID), long term evolution (LTE), near field com-
munication (NFC), a wireless broadband Internet (Wibro),
high speed downlink packet access (HSDPA), wideband
CDMA (WCDMA), ultra wideband (UWB), such as various
devices which send and receive data without transmit lines,
and so on.

The memory control unit 1160 1s to administrate and pro-
cess data transmitted between the processor 1100 and an
external storage device operating according to a different
communication standard. The memory control unit 1160 may
include various memory controllers, for example, devices
which may control IDE (Integrated Device Electronics),
SATA (Serial Advanced Technology Attachment), SCSI
(Small Computer System Interface), RAID (Redundant
Array of Independent Disks), an SSD (solid state disk),
eSATA (External SATA), PCMCIA (Personal Computer
Memory Card International Association), a USB (universal
serial bus), a secure digital (SD) card, a mini secure digital
(mSD) card, a micro secure digital (micro SD) card, a secure
digital high capacity (SDRC) card, a memory stick card, a
smart media (SM) card, a multimedia card (MMC), an
embedded MMC (eMMC), a compact flash (CF) card, and so
on.

The media processing unit 1170 may process the data
processed 1n the processor 1100 or the data inputted 1n the
forms of 1image, voice and others from the external input
device and output the data to the external interface device.
The media processing unit 1170 may include a graphic pro-
cessing unit (GPU), a digital signal processor (DSP), a high
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definition audio device (HD audio), a high d 1on multimedia
interface (HDMI) controller, and so on.

FIG. 9 1s a configuration diagram of a system based on
another implementation of the disclosed technology.

Referring to FIG. 9, a system 1200 as an apparatus for
processing data may perform mput, processing, output, com-
munication, storage, etc. to conduct a series ol manipulations
for data. The system 1200 may include a processor 1210, a
main memory device 1220, an auxiliary memory device
1230, an interface device 1240, and so on. The system 1200 of
the present implementation may be various electronic sys-
tems which operate using processors, such as a computer, a
server, a PDA (personal digital assistant), a portable com-
puter, a web tablet, a wireless phone, a mobile phone, a smart
phone, a digital music player, a PMP (portable multimedia
player), a camera, a global positioning system (GPS), a video
camera, a voice recorder, a telematics, an audio visual (AV)
system, a smart television, and so on.

The processor 1210 decodes inputted commands and pro-
cesses operation, comparison, etc, for the data stored in the
system 1200, and controls these operations. The processor
1210 may include a microprocessor unit (MPU), a central
processing unit (CPU), a single/multi-core processor, a
graphic processing unit (GPU), an application processor
(AP), a digital signal processor (DSP), and so on.

The main memory device 1220 1s a storage which can
temporarily store, call and execute program codes or data
from the auxihiary memory device 1230 when programs are
executed and can conserve memorized contents even when
power supply 1s cut off.

The main memory device 1220 may include one or more of
the above-described semiconductor devices in accordance
with the implementations. For example, the main memory
device 1220 implementation may include first to N variable
resistance elements each having different resistance values
according to values stored therein, wherein N 1s a natural
number equal to or greater than 2; a reference resistance
clement having a first reference resistance value; and first to
N comparison units which correspond to the first to N?
variable resistance elements, respectively, and each of which
determines whether a resistance value of the corresponding
variable resistance element 1s greater or less than a second
reference resistance value, wherein the first to N” comparison
units are commonly coupled to the reference resistance ele-
ment. Through this, a size of the main memory device 1220
may bereduced. Consequently, a size of the system 1200 may
be reduced.

Also, the main memory device 1220 may further include a
static random access memory (SRAM), a dynamic random
access memory (DRAM), and so on, of a volatile memory
type in which all contents are erased when power supply 1s cut
off. Unlike this, the main memory device 1220 may not
include the semiconductor devices according to the imple-
mentations, but may include a static random access memory
(SRAM), a dynamic random access memory (DRAM), and
s0 on, ol a volatile memory type 1n which all contents are
erased when power supply 1s cut off.

The auxiliary memory device 1230 1s a memory device for
storing program codes or data. While the speed of the auxil-
1ary memory device 1230 1s slower than the main memory
device 1220, the auxiliary memory device 1230 can store a
larger amount of data. The auxiliary memory device 1230
may include one or more of the above-described semiconduc-
tor devices 1n accordance with the implementations. For
example, the auxiliary memory device 1230 implementation
may include first to N? variable resistance elements each
having different resistance values according to values stored
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therein, wherein N 1s a natural number equal to or greater than
2; a reference resistance element having a first reference
resistance value; and first to N” comparison units which
correspond to the first to N” variable resistance elements,
respectively, and each of which determines whether a resis-
tance value of the corresponding variable resistance element
1s greater or less than a second reference resistance value,
wherein the first to N comparison units are commonly
coupled to the reference resistance element. Through this a
s1ze of the auxiliary memory device 1230 may be reduced.
Consequently, a size of the system 1200 may be reduced.
Also, the auxiliary memory device 1230 may further
include a data storage system (see the reference numeral 1300
of FIG. 12) such as a magnetic tape using magnetism, a
magnetic disk, a laser disk using optics, a magneto-optical
disc using both magnetism and optics, a solid state disk
(SSD), a USB memory (universal serial bus memory), a
secure digital (SD) card, a mini secure digital (mSD) card, a
micro secure digital (micro SD) card, a secure digital high

capacity (SDRC) card, a memory stick card, a smart media
(SM) card, a multimedia card (MMC), an embedded MMC

(eMMC), a compact flash (CF) card, and so on. Unlike this,
the auxiliary memory device 1230 may not include the semi-
conductor devices according to the implementations, but may
include data storage systems (see the reference numeral 1300
of FIG. 10) such as a magnetic tape using magnetism, a
magnetic disk, a laser disk using optics, a magneto-optical
disc using both magnetism and optics, a solid state disk
(SSD), a USB memory (universal serial bus memory), a
secure digital (SD) card, a min1 secure digital (mSD) card, a
micro secure digital (micro SD) card, a secure digital high

capacity (SDHC) card, a memory stick card, a smart media
(SM) card, a multimedia card (MMC), an embedded MMC

(eMMC) a compact flash (CF) card, and so on.

The interface device 1240 may be to perform exchange of
commands and data between the system 1200 of the present
implementation and an external device. The interface device
1240 may be a keypad, a keyboard, a mouse, a speaker, a
mike, a display, various human interface devices (HIDs), a
communication device and so on. The communication device
may 1nclude a module capable of being connected with a
wired network, a module capable of being connected with a
wireless network and both of them.

The wired network module may include a local area net-
work (LAN), auniversal serial bus (USB), an Ethernet, power
line communication (PLC), such as various devices which
send and receive data through transmit lines, and so on. The
wireless network module may include Infrared Data Associa-
tion (IrDA), code division multiple access (CDMA), time
division multiple access (TDMA), frequency division mul-
tiple access (FDMA), a wireless LAN, Zigbee, a ubiquitous
sensor network (USN), Bluetooth, radio frequency 1dentifi-

cation (RFID), long term evolution (L'TE), near field commu-
nication (NFC), a wireless broadband Internet (Wibro), high

speed downlink packet access (HSDPA), wideband CDMA
(WCDMA), ultra wideband (UWB), such as various devices
which send and rece1ve data without transmait lines, and so on.

FIG. 10 1s a configuration diagram of a data storage system
based on another implementation of the disclosed technol-
0gy.

Referring to FIG. 10, a data storage system 1300 may
include a storage device 1310 which has a nonvolatile char-
acteristic as a component for storing data, a controller 1320
which controls the storage device 1310, an 1interface 1330 for
connection with an external device, and a temporary storage
device 1340 for storing data temporarily. The data storage
system 1300 may be a disk type such as a hard disk drive
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(HDD), a compact disc read only memory (CDROM), a digi-
tal versatile disc (DVD), a solid state disk (SSD), and so on,
and a card type such as a USB memory (universal serial bus
memory), a secure digital (SD) card, a mini1 secure digital
(mSD) card, a micro secure digital (micro SD) card, a secure
digital high capacity (SDHC) card, a memory stick card, a
smart media (SM) card, a multimedia card (MMC), an
embedded MMC (eMMC), a compact flash (CF) card, and so
on.

The storage device 1310 may include a nonvolatile
memory which stores data semi-permanently. The nonvola-
tile memory may include a ROM (read only memory), a NOR
flash memory, a NAND flash memory, a phase change ran-
dom access memory (PRAM), a resistive random access
memory (RRAM), a magnetic random access memory
(MRAM), and so on.

The controller 1320 may control exchange of data between
the storage device 1310 and the interface 1330. To this end,
the controller 1320 may include a processor 1321 for per-
forming an operation for, processing commands inputted
through the interface 1330 from an outside of the data storage
system 1300 and so on.

The interface 1330 1s to perform exchange of commands
and data between the data storage system 1300 and the exter-
nal device. In the case where the data storage system 1300 1s
a card type, the interface 1330 may be compatible with inter-
faces which are used in devices, such as a USB memory
(universal serial bus memory) a secure digital (SD) card, a
mim secure digital (mSD) card, a micro secure digital (micro
SD) card, a secure digital high capacity (SDHC) card, a
memory stick card, a smart media (SM) card, a multimedia
card (MMC), an embedded MMC (eMMC), a compact flash
(CF) card, and so on, or be compatible with interfaces which
are used 1n devices similar to the above mentioned devices.

In the case where the data storage system 1300 15 a disk
type, the interface 1330 may be compatible with interfaces,
such as IDE (Integrated Device Electronics), SATA (Serial
Advanced Technology Attachment), SCSI (Small Computer
System Interface), eSATA (External SATA), PCMCIA (Per-
sonal Computer Memory Card International Association), a
USB (un1iversal serial bus), and so on, or be compatible with
the intertaces which are similar to the above mentioned inter-
faces. The intertace 1330 may be compatible with one or
more interfaces having a different type from each other. The
temporary storage device 1340 can store data temporarily
implementation for efliciently transferring data between the
interface 1330 and the storage device 1310 according to
diversifications and high performance of an interface with an
external device, a controller and a system. For example, the
temporary storage device 1340 implementation for tempo-
rarily storing data may include first to N variable resistance
clements each having different resistance values according to
values stored therein, wherein N 1s a natural number equal to
or greater than 2; a reference resistance element having a first
reference resistance value; and first to N” comparison units
which correspond to the first to N? variable resistance ele-
ments, respectively, and each of which determines whether a
resistance value of the corresponding variable resistance ele-
ment 15 greater or less than a second reference resistance
value, wherein the first to N” comparison units are commonly
coupled to the reference resistance element. Through this, a
s1ze of the temporary storage device 1340 may be reduced.
Consequently, a size of the data storage system 1300 may be
reduced.

FIG. 11 1s a configuration diagram of a memory system
based on another implementation of the disclosed technol-
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Referring to FIG. 11, a memory system 1400 may include
a memory 1410 which has a nonvolatile characteristic as a
component for storing data, a memory controller 1420 which
controls the memory 1410, an interface 1430 for connection
with an external device, and so on. The memory system 1400
may be a card type such as a solid state disk (SSD), a USB
memory (universal serial bus memory), a secure digital (SD)
card, a min1 secure digital (mSD) card, a micro secure digital
(micro SD) card, a secure digital high capacity (SDRC) card,
a memory stick card, a smart media (SM) card, a multimedia
card (MMC), an embedded MMC (eMMC), a compact flash
(CF) card, and so on.

The memory 1410 for storing data may include one or more
ol the above-described semiconductor devices in accordance
with the implementations. For example, the memory 1410
implementation may include first to N variable resistance
clements each having different resistance values according to
values stored therein, wherein N 1s a natural number equal to
or greater than 2; a reference resistance element having a first
reference resistance value; and first to N” comparison units
which correspond to the first to N variable resistance ele-
ments, respectively, and each of which determines whether a
resistance value of the corresponding variable resistance ele-
ment 1s greater or less than a second reference resistance
value, wherein the first to N” comparison units are commonly
coupled to the reference resistance element. Through this, a
s1ize of the memory 1410 may be reduced. Consequently, a
s1ze of the memory system 1400 may be reduced.

Also, the memory 1410 according to the present imple-
mentation may further include a ROM (read only memory), a
NOR flash memory, a NAND flash memory, a phase change
random access memory (PRAM), a resistive random access
memory (RRAM), a magnetic random access memory
(MRAM), and so on, which have a nonvolatile characteristic.

The memory controller 1420 may control exchange of data
between the memory 1410 and the interface 1430. To this end,
the memory controller 1420 may include a processor 1421 for
performing an operation for and processing commands input-
ted through the interface 1430 from an outside of the memory
system 1400.

The interface 1430 1s to perform exchange of commands
and data between the memory system 1400 and the external
device. The interface 1430 may be compatible with interfaces
which are used 1n devices, such as a USB memory (universal
serial bus memory), a secure digital (SD) card, a mini secure
digital (mSD) card, a micro secure digital (micro SD) card, a
secure digital high capacity (SDRC) card, a memory stick
card, a smart media (SM) card, a multimedia card (MMC), an
embedded MMC (eMMC), a compact flash (CF) card, and so
on, or be compatible with interfaces which are used 1n devices
similar to the above mentioned devices. The interface 1430
may be compatible with one or more interfaces having a
different type from each other.

The memory system 1400 according to the present imple-
mentation may further include a buiier memory 1440 for
ciliciently transterring data between the interface 1430 and
the memory 1410 according to diversification and high per-
formance of an interface with an external device, a memory
controller and a memory system. For example, the bulfer
memory 1440 for temporarily storing data may include one or
more of the above-described semiconductor devices 1n accor-
dance with the implementations. The buffer memory 1440
implementation may include first to N variable resistance
clements each having different resistance values according to
values stored therein, wherein N 1s a natural number equal to
or greater than 2; a reference resistance element having a first
reference resistance value; and first to N” comparison units
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which correspond to the first to N” variable resistance ele-
ments, respectively, and each of which determines whether a
resistance value of the corresponding variable resistance ele-
ment 1s greater or less than a second reference resistance
value, wherein the first to N” comparison units are commonly
coupled to the reference resistance element. Through this, a
size of the buffer memory 1440 may be reduced Conse-
quently, a size of the memory system 1400 may be reduced.

Moreover, the bufler memory 1440 according to the
present implementation may further include an SRAM (static
random access memory), a DRAM (dynamic random access
memory ), and so on, which have a volatile characteristic, and
a phase change random access memory (PRAM), a resistive
random access memory (RRAM), a spin transfer torque ran-
dom access memory (STTRAM), a magnetic random access
memory (MRAM), and so on, which have a nonvolatile char-
acteristic. Unlike this, the bufler memory 1440 may not
include the semiconductor devices according to the imple-
mentations, but may include an SRAM (static random access
memory), a DRAM (dynamic random access memory), and
so on, which have a volatile characteristic, and a phase change
random access memory (PRAM), a resistive random access
memory (RRAM), a spin transfer torque random access
memory (STTRAM), a magnetic random access memory
(MRAM), and so on, which have a nonvolatile characteristic.

Features in the above examples of electronic devices or
systems 1n FIGS. 7-11 based on the memory devices dis-
closed 1 this document may be implemented in various
devices, systems or applications. Some examples include
mobile phones or other portable communication devices, tab-
let computers, notebook or laptop computers, game
machines, smart TV sets, TV set top boxes, multimedia serv-
ers, digital cameras with or without wireless communication
functions, wrist watches or other wearable devices with wire-
less communication capabilities.

While this patent document contains many specifics, these
should not be construed as limitations on the scope of any
invention or of what may be claimed, but rather as descrip-
tions of features that may be specific to particular embodi-
ments of particular inventions. Certain features that are
described 1n this patent document 1n the context of separate
embodiments can also be implemented in combination 1n a
single embodiment. Conversely, various features that are
described 1n the context of a single embodiment can also be
implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed
combination can 1n some cases be excised from the combi-
nation, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

Similarly, while operations are depicted 1n the drawings 1n
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. Moreover, the
separation of various system components in the embodiments
described in this patent document should not be understood as
requiring such separation in all embodiments.

Only a few implementations and examples are described.
Other implementations, enhancements and variations can be

made based on what 1s described and illustrated 1n this patent
document.

What is claimed 1s:
1. An electronic device comprising a semiconductor
memory unit, the semiconductor memory unit comprising:
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first to N variable resistance elements each having differ-
ent resistance values according to values stored therein,
wherein N 1s a natural number equal to or greater than 2;

a reference resistance element having a first reference
resistance value; and

first to N” comparison units which correspond to the first to
N in variable resistance elements, respectively, and
cach of which determines whether a resistance value of
the corresponding variable resistance element 1s greater
or less than a second reference resistance value,

wherein the first to N” comparison units are commeonly
coupled to the reference resistance element.

2. The electronic device according to claim 1, wherein the
first reference resistance value 1s 1/N of the second reference
resistance value.

3. The electronic device according to claim herein each of
the first to N variable resistance elements has a first resis-
tance value smaller than the second reference resistance value
when a first value 1s stored therein, and has a second resis-
tance value greater than the second reference resistance value
when a second value 1s stored therein.

4. The electronic device according to claim 3, wherein a K#
(1=K <N) comparison unit among the first to N” comparison
units outputs a result of the determination by comparing an
amount of a K” variable current flowing through a K” vari-
able resistance element corresponding to the K” comparison
unit and an amount of a K” reference current flowing between
the K” comparison unit and the reference resistance element.

5. The electronic device according to claim 4,

wherein a value stored in the K variable resistance ele-
ment is the first value when the amount of the K” vari-
able current is greater than the K reference current, and

wherein a value stored in the K variable resistance ele-
ment is the second value when the amount of the K*
variable current is smaller than the K reference current.

6. The electronic device according to claim 5, wherein an
amount of current flowing through the reference resistance
element is a sum of the amounts of first to N” reference
currents flowing between the first to N” comparison units and
the reference resistance element, respectively.

7. The electronic device according to claim 6, wherein each
of the K” comparison unit comprises:

an output node and an output bar node;

a first internal node and a second internal node;

a precharge driving section suitable for pull-up driving the
output node and the output bar node during a precharge
operation;

an output bar driving section suitable for driving the output
bar node with one of a pull-up voltage or a voltage of the
first internal node 1n response to a voltage of the output
node during a read operation;

an output driving section suitable for driving the output
node with one of the pull-up voltage and a voltage of the
second 1nternal node in response to a voltage of the
output bar node during the read operation;

a first current sinking section suitable for drawing the K
variable current from the first internal node during the
read operation; and

a second current sinking section suitable for drawing the
K" reference current from the second internal node dur-
ing the read operation.

8. The electronic device according to claim 7,

wherein the output bar driving section pull-down drives the
output bar node, and the output driving section pull-up
drives the output node when the amount of the K? vari-
able current is greater than the K” reference current, and
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wherein the output bar driving section pull-up drives the
output bar node, and the output driving section pull-
down drives the output node when the amount of the K
variable current is smaller than the K” reference current.

9. The electronic device according to claim 1, wherein each
of the first to N variable resistance elements comprises at
least one of a metal oxide, a phase change substance, and a
structure 1n which a tunnel barrier layer 1s interposed between
two ferromagnetic layers.

10. The electronic device according to claim further com-
prising a processor which includes:

a core unit configured to perform, based on a command
inputted from an outside of the processor, an operation
corresponding to the command, by using data;

a cache memory unit configured to store data for perform-
ing the operation, data corresponding to a result of per-
forming the operation, or an address of data for which
the operation 1s performed; and

a bus mterface connected between the core unit and the
cache memory unit, and configured to transmit data
between the core unit and the cache memory unit,

wherein the semiconductor memory unit that includes the
variable resistance element 1s part of the cache memory
unit in the processor.

11. The electronic device according to claim 1, further

comprising a data storage system which includes:

a storage device configured to store data and conserve
stored data regardless of power supply;

a controller configured to control input and output of data
to and from the storage device according to a command
inputted form an outside;

a temporary storage device configured to temporarily store
data exchanged between the storage device and the out-
side; and

an 1nterface configured to perform communication
between at least one of the storage device, the controller
and the temporary storage device and the outside,

wherein the semiconductor memory unit that includes the
variable resistance element is part of the storage device
or the temporary storage device 1n the data storage sys-
tem.

12. An electronic device comprising a semiconductor

memory unit, the semiconductor memory unit comprising:
first to N groups of variable resistance elements each
variable resistance element of which has different resis-
tance values according to values stored therein, wherein
N 1s a natural number equal to or greater than 2;

a reference resistance element having a first reference
resistance value; and

first to N” comparison units which correspond to the first to
N groups of variable resistance elements, respectively,
and each of which determines whether a resistance value
of one selected among the corresponding group of vari-
able resistance elements 1s greater or alter than a second
reference resistance value

wherein the first to N” comparison units are commonly
coupled to the reference resistance element.

13. The electronic device according to claim 12, wherein
the first reference resistance value 1s 1/N of the second refer-
ence resistance value.

14. The electronic device according to claim 2, wherein

each variable resistance element of the first to N” groups of
variable resistance elements has a first resistance value
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smaller than the second reference resistance value when a first
value 1s stored therein, and has a second resistance value
greater than the second reference resistance value when a
second value 1s stored therein.

15. The electronic device according to claim 12, wherein a
K” (1=K=N) comparison unit: among the first to N”* com-
parison units outputs a result of the determination by com-
paring an amount of a K variable current flowing through
one selected from a K” group of variable resistance elements
corresponding to the K” comparison unit and an amount of a
K reference current flowing between the K” comparison
unit and the reference resistance element.

16. The electronic device according to claim 15,

wherein a value stored in the one selected from the K*
group ol variable resistance elements 1s the first value
when the amount of the K” variable current is greater
than the K” reference current, and

wherein the value stored the one selected from the K™
group ol variable resistance elements 1s the second value
when the amount of the K variable current is smaller
than the K reference current.

17. The electronic device according to claim 16, wherein
an amount of current flowing through the reference resistance
element is a sum of the amounts of first to N” reference
currents flowing between the first to N” comparison units and
the reference resistance element, respectively.

18. The electronic device according to claim 17, wherein
each of the K” comparison unit comprises:

an output node and an output bar node;

a first internal node and a second internal node;

a precharge driving section suitable for pull-up driving the
output node and the output bar node during a precharge
operation;

an output bar driving section suitable for driving the output
bar node with one of a pull-up voltage or a voltage of the
first internal node 1n response to a voltage of the output
node during a read operation;

an output driving section suitable for driving the output
node with one of the pull-up voltage and a voltage of the
second internal node 1n response to a voltage of the
output bar node during the read operation;

a first current sinking section suitable for drawing the K
variable current from the first internal node during the
read operation; and

a second current sinking section suitable for drawing the
K™ reference current from the second internal node dur-
ing the read operation.

19. The electronic device according to claim 18,

wherein the output bar driving section pull-down drives the
output bar node, and the output driving section pull-up
drives the output node when the amount of the K? vari-
able current is greater than the K” reference current, and

wherein the output bar driving section pull-up drives the
output bar node, and the output driving section pull-
down drives the output node when the amount of the K™
variable current is smaller than the K reference current.

20. The electronic device according to claim 12, wherein
each of the plurality of first to N variable resistance elements
comprises at least one of a metal oxide, a phase change
substance, and a structure in which a tunnel barrier layer 1s
interposed between two ferromagnetic layers.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

